
1 

Ac c e ler a t o r  Department 
BROOKHAVEX NATIONAL LABORATOKY 
Associated Un ive r s i t i e s ,  Inc.  

Upton, New York 11973 

AGS Division Technical Note 

No. 197 

PRE-CONVERSION CAVITY FERRITE MEASUREMENTS 

M. P lo tk in  

March 14,  1984 

Note: In  a number of Tech Notes and other  papers the  pre-conversion AGS 

rf cav i ty  f e r r i t e  has been ca l l ed  Ferroxcube 4L. This has been an e r r o r .  

The fe r r i te  is c o r r e c t l y  Ferroxcube 4H. 

The f i r s t  phase of the heavy ion acce le ra t ion  i n  the AGS r equ i r e s  r f  ac- 

c e l e r a t i o n  with 1 7  kV r f  peak vol tage  and a frequency range from 0.5 t o  2.0 

MHz. The f e r r i t e  i n  the  AGS pre-conversion c a v i t i e s  i s  a P h i l i p s  4H which 

w a s  designed f o r  8 kV (cw) peak per  cav i ty ,  and a frequency range of  1.35 t o  

4.46 M H z .  Acceptance t e s t i n g  of the  f e r r i t e  w a s  based upon 1.5 M H z  (unbiased) 

a t  n135 gauss peak f lux dens i ty .  This f lux  dens i ty  corresponds t o  8.0 kV peak 

per  cav i ty  a t  1.5 M H z .  

Tuning, with a fixed t o t a l  capaci tance,  w a s  accomplished by dc b i a s s ing  

the  cav i ty  t o  vary the inductance over a range of 41:1, ( f ~ / f 1 ) ~ .  The use 

fo r  heavy ions involves a d i f f e r e n t  frequency range, higher  vol tage  and a 16:l 

inductance range. Using known ex t r apo la t ion  r e l a t ionsh ips  it w a s  estimated 

t h a t ,  a t  0.5 M H z  and 8.5 KV pk, the lo s ses  i n  the f e r r i t e  would be about 500 

mw/cc which is  twice t h a t  i n  the o r i g i n a l  design.  The duty f a c t o r ,  however, 

i s  much lower i n  the heavy ion case so the average d i s s i p a t i o n  i n  the f e r r i t e  

i s  low enough for  the e x i s t i n g  water cooling t o  be e f f e c t i v e .  The ampl i f i e r ,  
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must, i n  a l l  cases ,  supply the  a c t u a l  power i n  the f e r r i t e  during the  "on" m 
t i m e .  

To measure the a c t u a l  behavior of the f e r r i t e  a t  the new frequency and 

f lux  dens i ty ,  small r i n g  samples were c u t  from pieces  of the P h i l i p s  4L mate- 

r ia l .  The r ings  were about 3.5 cm OD, 2.5 cm I D  and .8 cm high. Each p a i r  

of r i ngs  was  made from a 2.1 cm high r i n g  s l i c e d  i n t o  two and then ground 

t o  the same he ight .  The r i n g s  were wound with a f igu re  "8" r f  winding and 

then were placed i n  a b ras s  sh i e ld  can. A dc b i a s  winding of 75 t u rns  w a s  

wound over the  sh ie ld .  I n  opera t ion ,  shor t ing  the  dc winding had no e f f e c t  

on the r f  measurements, i nd ica t ing  complete dc / r f  i s o l a t i o n .  

The tes t  set-up i n i t i a l l y  w a s  as follows: 

L - f e r r i t e  core  inductance 

C 1  - tuning capaci tance 

Rsh - f e r r i t e  l o s s  r e s i s t a n c e  

R - small (50-100Q) non-inductive r e s i s t o r  

I t  can be r e a d i l y  shown tha t :  

R( V2 -VI 1 

v1 

(v2-v1 )v, - - - ' 'diss R Rsh - 
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k(V2-V1) 
Bpk= nAf , n = number of r f  tu rns  

A = area of two f e r r i t e  r i n g s  
f = frequency 
k = 22.4.9 f o r  A-cm2, f-MUz 

I n  operat ion,  the tuning capaci tance i s  ad jus ted  f o r  a s t r a i g h t  l i n e  

Lissa jous  pa t t e rn ,  i nd ica t ing  a pure resist ive tuned c i r c u i t .  Since the power 

d i s s i p a t i o n ,  w/cc, i s  r e a d i l y  ca l cu la t ed  knowing the  core volume, the curve of 

w/cc vs B i s  easy t o  obta in .  There are two problems with t h i s  set-up. The 

set-up accentuates  harmonics i n  V 1  r e s u l t i n g  i n  higher  than a c t u a l  readings a t  

high f lux  d e n s i t i e s .  The harmonics are generated a t  higher  vol tages  i n  the  r f  

power ampl i f i e r  being used. The o ther  problem i s  f ind ing  low reactance resis- 

t o r s  and poss ib l e  hea t ing  i n  the  r e s i s t o r  during opera t ion  a t  high f l u x  

d e n s i t i e s .  The f i r s t  e f f e c t ,  h igher  harmonics, causes the  P vs B curve t o  de- 

v i a t e  from a s t r a i g h t  l i n e  on a log-log p l o t .  

I f  the r e s i s t o r  is  replaced by a capac i to r  with l / W C  < 0.1 Rsh, then reso- 

nance i s  ind ica ted  by a c i r c u l a r  p a t t e r n  on the osc i l loscope ,  harmonics are 

reduced somewhat s ince  l / w C  decreases  with frequency, there  i s  no hea t ing  prob- 

l e m  and the vol tage  across  the resonant  c i r c u i t  i s  wi th in  one percent  of the 

appl ied vol tage .  The equat ions f o r  the  f e r r i t e  p rope r t i e s  reduce to: 

vi = v v w c  = -  
'diss 1 2 2 ' Rsh VlWC2 

A t  MHz the  resonant  c i r c u i t  w a s  tuned with C 1  a t  each f l u x  dens i ty .  

The f e r r i t e  permeabi l i ty  v a r i e s  with the  f lux  dens i ty ,  increas ing  as the f lux  

increases .  With dc b i a s ,  above 0.5 MHz, the tuning w a s  accomplished by 

varying the dc b i a s  with the  capaci tance,  C 1 ,  l e f t  a t  the value f o r  the  high 

f lux  dens i ty  poin t  (0.5 MHz) s ince  t h i s  represents  the a c t u a l  opera t ing  point .  
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Many measurements were made on two p a i r s  of r i n g s ,  one with 8 r f  t u rns ,  

the other  with 12 r f  t u rns .  With 12 r f  t u rns ,  the  power ampl i f ie r  harmonics 

t o  achieve the maximum f lux  dens i ty  were q u i t e  severe.  Except with no b i a s ,  

the readings were dependent on the  magnetic h i s t o r y  of the r ings .  

cases  the r ings  w e r e  biassed t o  s a t u r a t i o n  and then demagnetized by reversing 

the b i a s  as it was  reduced t o  zero.  In most cases ,  the r ings  were b iassed ,  

u n i d i r e c t i o n a l l y ,  f o r  ten  cycles  t o  j u s t  beyond the operat ing range. During 

some runs the  10 cycles  w e r e  applied a t  each frequency change. 

In some 

Figure 1 represents  the r e s u l t s  of about 8-10 runs under the d i f f e r e n t  

condi t ions mentioned above. Most of the readings c l u s t e r  about a l o s s  

dropping from 6 2 0  mw/cc a t  0.5 M H z  t o  4 3 0  mw/cc a t  2.0 M H z .  

twenty mw/cc corresponds t o  a t o t a l  power l e v e l  of about 68 kW, dropping t o  

a 7  kW a t  2.0 M H z .  Figure 1 includes r e s u l t s  from tes ts  w i t h  the  r e s i s t o r  as 

w e l l  as with the capac i tor .  Figure 2 i s  r ep resen ta t ive  of a run using the ca- 

p a c i t o r ,  C2. 

Six hundred 

To b i a s  the core t o  2.0 M H z  required a cur ren t  of about 1.5 amperes i n  75 

t u r n s ,  112.5 AT. The average path length i n  the f e r r i t e  with OD-3.55 cm and 

ID-2.55 cm i s  9.58 cm. Thus, 11.74 AT/cm are required.  The average path 

length i n  the la rge  r i n g s ,  OD-35 cm and ID-20 cm, i s  86.4 cm. The required 

b i a s  cur ren t  is about 1014 amperes. The core w a s  veiy e a s i l y  biassed t o  2.2 

MHz (about 2 amperes dc) ,  and t o  2.5 M H z  (about 3 amperes dc) .  The 

corresponding cur ren ts  i n  the  la rge  r ings  would be 1352 amperes and 2029 

amperes. The r f  losses  a t  2.5 M H z  a r e  a t  about the  same l e v e l  a s  a t  2.0 MHz. 

In one run the  c i r c u i t  w a s  turned t o  3.15 M H z  a t  a b i a s  cu r ren t  of about 5 am- 

peres  (3382 amps i n  the la rge  r ings ) .  The r f  losses  were, by ex t r apo la t ion ,  

about 600 mw/cc. 
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The measurements must be corroborated on the full cavi ty .  The dc b i a s  e 
can be checked roughly using a supply borrowed from EP&S o r  CBA and measuring 

low r f  l e v e l  inductance.  The a c t u a l  b i a s  cu r ren t s  w i l l  be less than the  

values  measured i n  t h i s  fashion s ince  the  permeabi l i ty  increases  with f lux den- 

s i t y  and, t he  higher  the i n i t i a l  1-1, the  easier it i s  t o  e f f e c t  a given 1-I 

change. The r f  measurements can be made, i n i t i a l l y ,  with the Gates ampl i f ie r .  

Since the curves are s t r a i g h t  l i n e s  on a log-log p l o t  we can measure up t o  per- 

haps h a l f  power and ex t r apo la t e  t o  check agreement with the s m a l l  sample 

measurements. 
- 

A t h i r d  p a i r  of small r ings  is  now prepared with a smaller c ross  sec- 

t i o n a l  area. These cores can be run t o  the operat ing r f  f lux  dens i ty  a t  lower 

vol tage  output from the ampl i f ie r .  This should reduce the harmonics i n  the  V2 

reading so no anomalous e r r o r s  w i l l  be introduced i n  the  power loss  ca lcu la-  

t i o n .  

WPC 

Distribution: A.D. S&P 
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